Title of Invention:

Implied Instruction Set Computing (IISC) / Dual
Instruction Set Computing (DISC) / Single Instruction
Set Computing (SISC) / Recurring Multiple Instruction
Set Computing (RMISC) Based Computing Machine /

Apparatus / Processor

1 Technical Field

[1] This invention related to the technical fields @n@uting Machinery, as well
as Electrical and Electronic Engineering; and mpesgticularly to the fields of
Computer Organisation and Design, Computer Architec and Compilers and
related Technologies.

2 Current State Of The Art

2.1 Background Art

[2] Currently, there are numerous designs, organizasiod architectures for
processors. Out of these, there are two predomipestessors architectures and
processor organization design methodologies. Thwsearchitectures are namely:
Complex Instruction Set Computing (CISC) and Reduesstruction Set Computing
(RISC). These architectures are now being supetlsbgenewer architectures (like
Explicitly Parallel Instruction Computing - EPICue to their limitations. Also in
resent times there has been interest in dynamiutactures where the parts of the
processor are loaded as needed. Architectures wimsehVery Long Instruction
Words (VLIW), Tagged VLIW, Explicitly Parallel Insiction Computing, etc. which
use different classes of instructions are packaggdther have sprung up, i.e., each
class of instruction is sent to different units tbe processor or FU for parallel
execution.

[3] The limitation of the existing architectures wi# laddressed by this invention.
The section that follows will discuss in detail $lketechnical problems which have
been completely of partially overcome by this invem.



Technical Problem:

2.2 Disadvantages, Short Comings and Drawbacks in the
Prior Arts

[4] In the present state of art with regard to compuisnsuch that a processor in a
computing machine/apparatus fetchers an instructemodes it and then executes it
until such time that the processor is instructed htdt. Despite research and
development into processor improvement, the deeodkexecute phase is complex
and consumes time and power. Simplification of ¢hphases is in deed welcome.
Moreover, there are possible improvements in thstfuction fetch” phase, which is
further elaborated below.

[5] Many of the existing electronic computing machinesyffers from the
limitations of the Von Neumann Architecture to viagy degree, despite recent effort
to overcome these limitations; i.e., memory 1/O daitth has become a limiting
factor in the processor. A reduction in the oveeadécutable code size will help in
overcoming memory Input / Output (I/O) bandwidtiolgiem.

[6] Generally, a processor (herewith referred as ad3sieg Entity - PE) can
execute only a single instruction at a time. Theas been some effort to provide
mechanisms to execute more than one instructiolor{peg to different instruction
class) at a time. These schemes have limitatiothennumber of possible parallel
instructions. In addition, there are work-a-routikis pipe lining where different parts
of an instruction are executed in parallel. Theschanisms are very complex in
terms of hardware, which leads to power dissipatand result in some additional
overhead during processing as well. This processimgrhead is a waste of
computational power in the processor and does dodtvalue to the computational
task executed. Making instruction parallel as gegjwith minimal restrictions) will
increase performance. Moreover, elimination of maomplex parallelising schemes
will reduce the component (transistors, etc.) dgresid heat dissipation. On the other
hand, the saved components can be used to enlienpeotessor capabilities.

[7] Currently, the processor designs are not in terfrisasely coupled modular
units, which facilitated extensibility of procesganctionality. Due to this, extensions
to the existing processors to provide additionactionality when newer versions are
produced will need substantial reworking in ternighe design as well as testing.
These issues can be partially overcome by usingWidchniques, within the premise
of the prior arts; but still there is room for inepement. There is substantial research
in dynamic processing architectures though sucltgssors are not commercially
wide spread.

[8] In VLIW and related architectures (like EPIC), tlwestructions are in
“packets”, which allows room for a shorted (moreimyl) instruction size than RISC
and CISC based architectures where the instructiomgenerally at least as long as
the word size of the processor. Though VLIW arattitees have certain advantages
and are gaining popularity, they architecturesesuffom code bloat, which results
from the use of NOOP (no operator) instructions nvkigere is no instruction to be
sent to a functional unit.



[9]

When considering the instruction and processorit@ctares in the prior arts,

the main emphasis is on the operations the PE peitiorm. In reality, a programme
is data undergoing transformations by the operatp@rformed on it.

[10]

Threading can be used to programme section oflphsat in algorithms but

they do not achieve instruction level parallelism,, there still could be a number of
operations in the threads which can be executedrallel.

[11]

To summarise the implications of currently existdegign is as follows:
Decoding phase of instructions are complex, timasaoming and leads to
more power dissipation (in pipe lining dependenomesst be identified before
execution and in trying to execute instruction iarethan one class a number
of instructions should be examined before the etkecy)
Execution follows decoding of an instruction (whimbnsumes more time as a
whole.)
Fetching instructions is less efficient since tlaehe might not be directly
manipulatable.
Processors are not designed to gain full advanfeme instruction level
parallelism.
Memory I/0O Bandwidth is effectively wasted in:

o Transferring NOOP instructions.

0 Use of instructions size which is larger than nee@estructions are

generally word aliened.)



3 Theoretical Foundation

[12] Currently a computational task is generally spedifiusing algorithms.
Algorithms are limited in the ability to show optom and dependencies between
them. (They generally show the operation as a sefisteps, conditional branching,
and repetition.) But a computational can be altivaly represented using Graphs as
discussed below.

[13] This invention used the concept of Dependency GraptDependency Graph
is a digraph (like network diagram) where vertiogsresent operations and the edges
represent the Data Dependency between operatibesaifows of the diagram appear
from left to right as in a network diagram. Timewiis in the diagram is from left to
right.

[14] In the case hypothetical the above described coraigpn is ideal, but in the
case of a real world implementation. The above lyrageds modification. Slots will
be introduced representing the maximum concurrpetasion that can be executed.

[15] A slot will at least represent an operation. A klatstances will represent the
blocks across time. Even in such a case the depeiedeare modelled as edges as
before.

[16] Slots can be partitioned or blocked. The blockstma Write Block or a Read
Block or both. A Write Block can only hold an opéoa which is a Write Operation
and a Read Block can only hold a Read Operatidri#de Operation sets the input of
an operation. If the Write Block is used then asteone Write Operation should
precede an operation. If a Read Block is used atlene Read Operation should
follow an operation. These special operations cawibwed as moving information
needed for operations.

[17] In case a Read Block is used the Read Operatiandsheside in a previous
Block Instance and if a Write Block is used the ¥/®peration should be used in a
Block Instance after the Block where the Operatesides.

[18] The crux or essence is that there is a networkpefaiions where data flows
through operations, which transform it. This thebigomputation model is inspired
the invention described below. Using this schemeenmastruction level parallelism
can be gained.



Disclosur e of I nvention:
Technical Solution:

4 Description of Invention:

[19] The mode of practicing the art of the invention aitsl variation as
contemplated by the inventor would the presenteeviiéh. The advantageous effects
of practicing the art of the invention as describibereafter, the embodiments
contemplated in practicing the art of the inventittve best mode contemplated by the
inventor at the time of writing in the shoes ofexgon with average skills in the art,
the manner in which the art of the invention shdoédpracticed as appearing to the
inventor at the time of writing, the applicabiliof practicing the art of the invention
as contemplated, would follow.

4.1 Overview: a summery of the invention

[20] The computing apparatus/computing machine/proceslescribed in this
invention will be such that, it will be able to aete a computational task by moving
data to and from units which carry out computatidagks. At the time of writing,
considering the current state of the art, for tiHason purposes only, it is
contemplated that the input can be of considerdzktm the form of registers, which
are wired to FU that carry out a computational apen and produce various outputs
which are also registers; but this scheme may bied/do suite new developments
and varying requirements by a person skilled indhe in practising the invention.
Registers are embodiments, which hold in memorieaepof data. Any embodiment
which serves the above said purpose would be higheeferred as a register.

[21] In the current invention, the processor is designedensure that the
architectural emphasis is not merely on operatgeréormed by a PE. The emphasis
is on the flow of data through various operatioagied out by the PE.

[22] The invention will employ embodiments called Fuantl Units (FUs) which
will perfume a computational operation. The operaafithe operation performed by
the FUs will reside in input registers. The outmilt be place in Out Put registers.

[23] The purpose of ‘instruction’ is to route valuesidesy in registers as input to
the FUs. These instructions are implied (i.e., theye a fixed number and they
appear in pre-determined order) thus they can amytoperands, which instruct the
Register Data Bus Controller (also called the OBia for short in the description) to
move the registers.

[24] Many of the registers will be wired to FUs. Whenitten to, the FUs will
produce an output, which is placed in Output Regssthat are read only.

[25] Some of the connection between the registers and Fadny be pre-
established, some would be established dynamidaliyng boot time or perhaps later
on, but this operations are not frequent. Some Willsbe pre-fabricated (flashed on
to the chip) whereas some would be dynamically édad-U loading operations are
also not too frequent.



[26] FUs are embodiment that can be practiced with theention. These

embodiments many not be limited to the once presenere. A person skilled in the
art will recognise what additional embodiment toagiice, what embodiments
described here needs customising and what embotirteeie left out, in practicing
the art of the invention.

[27] A more detail discussion of the architecture inribgel apparatus will follow:

4.2 Design Objectives at a Glance
[28] An overview of the design objectives are as follows

4.2.1 Issues Addressed By the Solution:

[29] This proposed solution will try to address thedaling areas:
* Reduction in complexity of decoding an instruction.
0 Reduction of electronic devices (e.g. logic gatesjsistors, etc.) used
for decoding.
0 Reduction of power dissipated.
0 Reduce total time spent in the decode plus thewtegahase in a PE.
* Much simpler decode phase or elimination of thesphae., removing the
necessarily of an explicit decode.
* Instruction level parallelism is taken advantagetiie maximum possible
extent.
* More control of the internal working of the processso facilitate optimization
by a compiler.
* Enabling easier extensions to existing design withimal reworking and
testing.
» Smaller instruction size and mineralising the neédertain instruction (e.g.
NOOP) to reduce bandwidth of data transfer.
* More control to the compiler in order to facilitaletter and more optimal
code generation.

[30] In order to achieve the above the processor orgaaiz and architecture the
follows, is proposed. Initially and over view isvgn followed by a further
description.

4.2.2 Brief Descriptive Overview of the Processor Organization in
Pursuant of the Design Objectives:

[31] In order to achieve the above the processor woeldbiganized as in the

following brief overview:

* It would have special purpose registers.

* These registers would be hard-wired or pre-condecté-unctional Unit (FU).

* The FUs might not have internal/hidden/shadow teggs

* The execution would be implicit.

» The processor can only execute only one, two io8tms or more instructions
where one instruction will always be followed byetlother, forming a
recurring patter of instructions.

* The input of these FUs can be classified, for carerce, as Input Registers
and the output of the FUs as Output Registers.|liipet Registers will form



the basis of input for a FU and the Output Regssteill be where the
information, after an operation, is written.

o Since an instruction will always be always ordeasd pair of the two
executable instructions, the instruction can be eniagplied, i.e., the
processor does not need any op code to identifingtruction.

o The compiler will be to identify existing informati available
(probably residing in Output Registers) and theruldotarget that
information to other Input Registers, i.e., registeill be selected and
the content is targeted to Input Registers.

* In the normal cause of operation, the followingl wake place in the PE:

0 The registers are selected as mentioned above.

0 They are targeted to Input Registers.

0 The Input Registers are hard wired (or pre conm@dtea unit, which
performs a logical operation on the input data.

o The output of the logical operations are hard-wif@dpre connected)
to Output Registers. Therefore, they will contaie tresults of the
logical operations preformed by the unit.

o Parts of the processor which are used will be knadwance so these
parts can be activated and deactivated as needsl/¢opower. If the
processor in implemented in a technology where lthggc can be
dynamically changed, it is possible load an unifagttionality as and
when needed.

4.2.3 The Instructions used for the Processor:

[32] Instruction Set Architecture (ISA) emphasizes datd its dataflow through a
series of operation which transform the data ratih&n an emphasis on the operators
and the data as operands as in the current coiitextpurpose of the instructions is to
identify registers which needs to be moved and @re to more them. Since the
identification is always followed by the movemeritthose values into the target
registers, these instructions can be implied, tke, processor will not need any
instructions in its instruction set.

4.2.4 The Layout of Functional Units or Operation Mills:

[33] The Layout of operation mills (similar to FU in VM but can only carry out a
few simple operation without in order to avoid theed of decoding) would be as a
series of independent units which receive inpuimfra sub set of the machines
registers and the output is hard-wired (or pre ected) to another subset of registers.
i.e., maps values in some registers to anotheresulsither the registers involved nor
the instruction needs to be decoded for this tgbap

4.3 Main Topological and Architectural Characterises

[34] In this architecture, there are a series or aryat&U and a larger number of
registers. A FU has certain number of connectorsrevinput and output connection
between the FU and registers can be pre-establi€f@thections are made between
the registers and FU during the processor ini@ilin, for "special purpose”
processors these connections can be pre-fabricdtecany case some of the
connection should be pre-fabricated, especiallyahes used during the processor
initialization.



[35] As depicted in the drawings ‘Main Architecture’ ardternate Architecture’,
two topologies are possible. In one topology, a f$ many inputs, as well as,
outputs. The other topology is that here is onlg @utput for a FU. In the latter
topology, the number of output connectors can Istricked to one. In the first
topology there is a possibility to group the ouspof the FU each other are easily
deducible when computing the other. E.g. when cdmguwA — B or B — A where A
and B are input registers the Output Registers beafjlled with A — B, B — A, -A, —
B, ~A, ~B where ~ is negation of the bits in thgiseer.

4.3.1 Functional Unit Arrangement and Physical Hardware
Topology

4.3.1.1 Purpose and Layout of FU

[36] The FUs are organized in an array. The data exetbhgtween the registers

are routed using the Data Bus. A FU has input fioput Registers. The output is

then saved in the Output Registers. The valuebeaset registers are moved around
using the Data Bus.

4.3.1.2 FU Initialization: loading and establishing connections

[37] During the processor unitizations the FUs will nézthe loaded and any input
and Output Registers will be bound. Some of thewill be prefabricated and the
connections between these FUs and the Input Regisi# be pre determined. This
will be necessitated since there should be basicliké) the Data Bus, Memory
Management, Catch Management, and FU loading F&taid up and initialize the
processor and load the optional FU. There alsodcbelarrangements where FU may
be prefabricated but not the connections. It isibs that some of the FU will have
some registers wired which cannot be changed. dinegement will have a saving
on the components, which would otherwise be neededlynamically binding
registers.

4.3.1.3 Activation of a FU

[38] A FU will carry out the computational task in synelith the PE’s clock.
There are two possible methods contemplated tovadetithe computational task
performed by the PE:

e Compute only the output from the Input Registerardiess of any input

given,

» Compute it only when the Input Registers are ugtate
The later is more power efficient though some aaolditl logical components and
processing overhead are necessitated.

4.3.2 Boot-up Process: setting the connections

[39] In the boot-up process instructions from the ROMaeast to the processor's
(here by referred as Processing Entity - PE) cathe.execution within the PE starts
at the first instruction of the cache after itoaded.

4.3.2.1 Role of Prefabricated Pre-Connected / Hard-Wired FU

[40] The prefabricated and pre-connected FU would ledgi$equent optional FUs
into the processor. In this process, the connestadrthe FUs are also established. A
more detail discussion can be found above.



4.3.3 Instruction Alignment within a Word

[41] Data parameters will occupy a word or a part abiitmore. Instructions would
be moved into the PE for execution as packets.

4.3.4 Register Layout

[42] In the proposed architecture, there will be a laggality of registers. These
registers will be connected to the Data Bus usiognectors. As previously
mentioned some of the connectors will be prefakeitaThe connectors are of two
types:

* Input connectors, and

* Output connectors.

4.3.5 Multi PE Architecture

[43] A system may have multiple PE of which the Memorgntoller is a
dedicated PE, which transfer memory objects betwaemory, and PE. The PE in
the system interacts with the memory controllea ilomogeneous manner, but the PE
themselves may not be heterogeneous.

4.3.6 Alternate Architecture

4.3.6.1 Limiting the Output registersto One

[44] In the alternate architecture as depicted in figlabelled ‘Alternate
Architecture’, a FU has only one output. This wordgult in more compact FUs and
the connections would also be simplified in terrhBardware and the components.

4.3.6.2 Multiplicity of Instructions

[45] This invention involves using a single instructidwo instructions or more
instruction, which appear in recurring patters.c8ithe instructions are in pre-defined
patterns, the instructions can be deduced meahatdhey are implied.

[46] In the case that there is only a single instrugtibmould be a single move.
The move instruction is effectively choosing a ségi and setting the target register
with its value, which can be viewed as two instiars.

[47] In this invention, a recurring block of instruct®ran be viewed as a single
instruction or as smaller set of instructions. Hfgthe operations are schedulable
viewed as:

* The register is selected for moving,

* The targeted register is selected for the data tpldéxced, and

* Time in which to activate the FU.
The combination of the last two can be taken asglesinstruction or the whole as a
single ‘move and set time’ instruction.

[48] The draw back with the above scheme is that the $bledule gets updated
with every move. In the case that a FU accepts rti@e one input, the schedule is
unnecessarily updated more than once. Since a Fdraéy will have two inputs
(operands) then the instruction can be two ‘mot&l€ct register’, ‘write register’)
followed by a set time instruction. The set timeyrha associated with the last or first
FU involved — the two moves may involve differefdd: In the case, ware a FU takes



only a single input, a dummy ‘move’ or perhaps @vel to partially set the inputs of
another FU will need to be inserted. This is vesynplex juggling for the compiler.
Also if the set timer instructing may not be neetlet often.

4.3.6.3 Alternate M odes of Practicing the Art of the Invention

[49] E.g. if we consider that the invention is practiéeda machine with limited
memory and resources (like an embedded environimgrthis mode of practice is not
restricted to such environment and a person skiliettie art will recognise where it
can be practiced.)

[50] In such a environment the instructions can be gedmas recurring multiple of
the follows (for illustration purposes only):

* Load item from memory to Input Register 1,

* Load item from memory to Input Register 2,

» Store item from Output Register to memory.

[51] In order to practice this alternate form a FU sHduhve a known topology.
E.g. one or two inputs with an output. (In case sdfls take only one input then a
dummy load may be occasionally needed.)

4.4 Instruction Layout and Assembly Language

[52] The instructions are organized as pair of seleaimggister and targeting the
content of the selected register to another ddgimaegister. The instructions are
taken into the processor in chunks or packets. & medtruction packets are executed
together, i.e., they are executed in parallel. ink&uctions packed together should be
such that Input Registers used will not get ovetemi otherwise parallel execution
many not be possible.

[53] The operations can be timbale. In a case the oigiruwould either with a
timing operand would specify the timing/scheduleaoFU or the FUs will have a
timer Input Register while the instruction does nonhtain a timing operand. In the
latter case, these timers will need setting up lmying values in to timer registers
using other operations/instructions. The previasednvolved:

» The register selected for moving,

» The targeted register for the moving, and

* Time in which to do the move.
This can be considered as one instruction:

* Move and set time.
This can be further decomposed as:

¢ Move

* Settime
or

* Select

» Target and set time.
These instructions can be further decomposed into:

* Select
e Target
* Settime

10



which would all ways appear in this order. Sincer¢hare no op code involved and all
the operands that are sent to the Data Bus Castralé control parameters in can be
considered that this approach does not use anyatisins at all. The relative merits
of the two approaches will appear in the Best MDdlosure.

4.4.1 Handling of Dependencies in Instructions

[54] Instructions have dependencies between the regjisteset of instructions,

which can be executed independently in a given {iohack cycle), is considered in
the same level. Instructions are packed togethethasks, which are transferred to
the processor at one.

[55] There would be cases where the instruction in argpacked may not be in
the same level (needs to be executed in differtkccycles). This case can be
handheld in many ways:
» lteratively execute the packet equal to the nurobbéevel Breaks in a Packet.
In the initial execution some of the Input Registavill receive garbage the
values which are computed within the packet. Thisemedies by repeatedly
executing the instructions where the results of phevious phase become
available. Repeated execution can be implementéallaw/s:

o0 The FU handling execution will repeatedly execute tnstruction
Packet, or

0 The Instructions Packets will be duplicated in lingtruction Pipe.

* A second option is to stall the processor thenethisra dependency level
break. This would be complex in terms of hardware.
* The other is the pad the packet with NOOPs. Thisbeadone in two ways:

o At the compiler stage,

0 The packet is padded, in hardware, in the fetcpimgess opposed to
padding by the complier at compile time. This optwill result in
lower code size and would save memory Input / QutflO)
bandwidth. This is dealt in the Code Level ManagetnféJ.

[56] A special FU will be available to specify exactlyheve in the code the
Dependency Level breaks occur. These will be sthcked later used to make
adjustments in the instruction pipeline as mentiobelow.

[57] Alternatively, if all instructions were schedulalileen the ability to specify

and handle Dependency Levels is not needed. Theiatisn will be just scheduled to

be executed after a certain laps of time — idealsasured using clock cycles. If
instructions in an Instruction Packet are in defar levels then those instructions
belonging to later Dependency Levels can be sckddtd be executed later as
deemed appropriated by the compiler. (Effectivélg above schemes of handling
dependencies — in the case where not all the oigiruare schedulable — do a
rescheduling of the instructions.)

4.4.2 Instruction Pipelining

[58] The instruction are executed are queued up in @ip& In queuing process,

the instruction packets may be adjusted or otheciaptransformations are carried
out. The adjustment takes place if there is a Depecy Level Breaks. E.g. the

adjustments would include: duplicating Instructackets, break Instruction Packets
and insert NOOPs, etc.

11



4.4.3 Array Registers / Bit String Registers / Byte Buffer
Registers / Very Long Registers

[59] In practicing the art of the invention, FU will havBit Buffered/Bit
String/Very Long Bit registers. They would occupynmber of words. Using these
registers and FU to which they are connected tmgelacalculations like vector
multiplication, summing a large list of values, ngag case of a string, etc. can be
carried out in a single step.

[60] When accessing and addressing these special registe methods can be
employed:
» The special register and the offset of words inltimg registers can be sent a
special FU to extract the value.
» For the purpose of addressing a long register aplbear as many shorter
registers.

4.5 Memory Management

[61] The memory management in this architecture is diort@o phases. First, the
internal Cache Management Unit is accessed. Thisfumher delegates this to the
external Memory Controller. The external memorytoglier is a separate dedicated
PE, which focuses in moving chunks of memory todhehe of the PE.

4.5.1 Explicit Cache Management

[62] One of the innovative features of this is Explicache Management is that the
compiler can control the cache. The compiler is inubgse to the code. It is in a

position to optimize the use of cache since thepil@mknows which of the variables

are used and for which length they are kept in migmo

[63] The cache is partitioned into two parts:
* One part is for instructions, and
* The other is for data.

[64] The advantage of having two caches for data arcugtgons will be felt in the
design of the call and stack management functigndlhe data partition of the cache
is addressable through a moving window dependintherontext.

[65] The Cache Management unit delegated the respatysitol the Memory
Controller to interact with memory.

[66] The Memory Management FU moves cached data tcetfisters and register
data to the cache.

4.5.2 Instruction Fetching and Execution

[67] The Memory Controller moves the data from the memiorthe cache. The
Memory Management FU moves the needed instructmnise Data Bus Controller,
which execute the instructions. The Cache Managefiddiaisons with the Memory
Controller, which manages the memory of the whg#tesn, to more data to and from
the cache. The instructions in the cache are esddatorder unless the looping and
branching FUs do not intervene. The cache is imphgad in a circular manner. After
the boundary of the cache is reached the startt pmfinexecution is set to the
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beginning, i.e., the Instruction Pointer is resetzeéro. It is the responsibility of the
compiler to load instructions to the cache so thatcode executed is meaningful.

[68] Before execution the instructions are queued inpa-fne. In the queuing
process adjustments are made if the architectuqeires that code is adjusted by
inserting NOOP instructions.

4.6 Booting

[69] In this invention, only instructions in the cache &xecutable. Therefore, at
the time of booting the instruction that need execushould be transferred to the
cache of each PE.

[70] The required data should also be at a well knowatlon to which the
processor would be configured to look at by defaultby the intervention of an
external controller.

4.7 Stack and Call Management

[71] The stack of a PE is implemented internally. Otiregithe processor switches
the data cache and register context, i.e., the awndn the addressable part of the
cache, and the registers will change. In this pegearts of the cache which was
addressable will become un-addressable. In ordeansfer data between functions it
would be ideal that a part of the cache overlaghisprocess.

4.8 Processor Context Switching

[72] The hardware support for process context switchingarried out in the
process management FU. The process context swgtchin be carried out using two
approaches:

* In the first approach when the process contexwitched the current context
the stacked. The shared part of the context iseplaissstacked in a separated
stack which has information about the process ctnsesaved. The process
context can switch to a newer process or can switatk to the previously
executed process. When the stacks are filled thegg@illed into memory. On
switching back the stacked memory context shouldpiéed into memory.

* In the second approach a process table is maidtafnprocess context switch
is carried out by coping the process context iht® process context table. The
reverse is done to load it. This approach requrktsle bit more memory than
the above since the stack is replicated betweerdhtexts switched but will
be faster than the above since the memory is natften accessed.

4.9 Interrupts

[73] Interrupts are of two types:
» Software interrupts, and
» Hardware interrupts.

[74] Software interrupts are raised by loading the m@rnumber along with the
parameters into the Input Registers of the FU.

[75] Alternatively, this architecture can be implementethout interrupts. There
could be FU, which perform the interrupt requestpérallel to the normal operations
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of the processor. Software interrupts can be acocotated FU slots with
reprogrammable logic.

4.10Branching and Looping

[76] Like may PE this also provide the functionalitylobping and branching but
in a novel manner. Looping and branching instruttiean be scheduled, i.e., the
number of clock cycles before an instruction isaeed can be specified when the
instruction is processed.

[77] Branching instruction can be of types:
» Repetition for a fixed number of executions,
* Repetition while a condition is true.

[78] In the case where fixed number of executions assipte, the instruction is
scheduled with the number of repeated. After thalmer of cycles the block of code
is repeatedly executed. The count is updated foh execution. This instruction is
made schedulable since the repetition count mag nemputing and may take time
before it is known. This delay can optimally use@xecute initialization instructions.
The clock count can only be updated once untilegdetition is executed. The purpose
of doing this is to ensure that the instructiorchetinit can fill the instruction pipe line
with the appropriate instructions.

[79] The purpose of the conditional looping FU is to epthe number of

instructions while a condition is true. The instiao is schedulable since the
condition may take time to compute. When compuier lnput Register is moved to
the condition. But the clock cycle counts start wites first accessed. The condition
is write once per execution. This is to ensure thatinstruction flow can be predicted
in advance to fill the pre-fetched instruction pljpe.

[80] The branching uses a similar schedulable approHod.delay for when the
condition is true and false can be different. Wihie® counter of clock cycles runs
down to 0 in one of the counters the conditionhisaked and the branch is executed if
appropriate. Otherwise the instruction executiordetayed until the other counter
runs down to 0 and the appropriate branch is takba.condition is only write once
for a given execution.

[81] In a case where an instruction is write once. TFexic implementation can
decide what to do when the write once registerngtem multiple times. Following
are some of the possibilities:

* The write can be ignored,

* An interrupt can be raised.

[82] Once the condition is known the pre-fetched ingtouc pipe-line is filled
when the appropriate instructions from location meheontrol is transferred to. If the
clock cycles count before the jump is long enoughgipeline is filled smoothly, i.e.,
the processor will not need to stall. In this agement the instruction pipeline does
not need to be emptied due to jumps. When there@ngre-fetched instructions the
processor stalls until the pre-fetched pipelinglisd.
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4.11Time Slicing

[83] In order to run multiple processors in parallel dirslicing is needed. It is
proposed that this is implemented in hardware. fiflme slicing FU deals with the
process context switching.

[84] The Operating System (OS) may only access the ggsocentext switching
instruction.

[85] In the case the where the stack is used for pramagext another FU will be
used to switch back.

4.12Thread Scheduling

[86] The executing threads will be executed using Thi®eukduling FU. A table
of threads will be maintained in the part of thelea Parts of this cache may be
switched in and from the memory. The active threadnarked in the table. This
pointer is moved in circular manner.

4.13Compiler

[87] For the purpose of this implementation, the compiél need to model the
operation in terms of a Dependency Graph, whereofferations are modelled as
vertices and the dependencies are modelled as.deiges left to right the graph will
denote the time lapsed or operations performedralipes that can be carried out at a
given time are considered to be at the same Depegdesvel.

[88] The operations are matched with the FUs which apalgle of executing the
operations. Depending on the availability of FU aegiendencies the instructions are
packed into packets; these packets are the exéesitabhe code is arranged to
optimally use the FU and to maximize parallelismoaminstructions.

[89] A Dependency Graph adapted to suit the availabdftfFUs can be called a
Slotted Dependency Graph. This graph will have dditeonal dimension of slots

which represent the available FUs at a given titoe B the sots of a particular type
are less than the number of possible operatiorss given Dependency Level, then
some of the operations will need to be moved ttdridevels while considering the
overall efficiency of the programme. The one gettimomoted could be the operation
on promoting will not have a domino effect of praing of other operations if such

exist or an operation which will lead to lesser saduent promotions. A person
significantly skilled in the art of Computer Progmaing will be able to recognise the
best approach on how to practice this, whist maiimg the essence presented here.

4.14Compiling High Level Language (HLL)

[90] Many of the HLLs and algorithmic constructs can rfeeluced to logical
constructs. The FUs are implemented using logieggand should be optimal to
minimize execution time. The logic of the FUs wolld specified using a special
purpose HLL.

5 Advantageous Effects

[91] This invention would make significant progress otlex prior arts due to its
numerous advantageous effects. The advantagesadadsified under the following:
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» Advantages in the instruction fetch over curremicessor/computing machine
designs.
* Advantages in the decode phase over existing psodesmputing machine
designs.
« Advantages in execution over other existing sthtechnology.
» Parallel execution.
» Other advantages provided by the architecture.
o Extensibility of functionality.
o Ease of design.
0 Advantages in compiling.
= Better control to the compiler, since the compitethe most
closest to the source code than the processor.
= Instruction scheduling to take advantage of the fiaat some
values may only be available later.
o Advantages over VLIW or similar architectures.
0 Advantages in looping and branching since theseratipes are
schedulable.

5.1 Advantages in Fetching

[92] In device resulting from this invention, the instiion size will be smaller due
to:
* The instructions can be compacted in InstructiockBaand therefore it will
be able to occupy a lesser space than the woratthe PE.
* The removal of the op code will also result in sgvbf space.

5.2 Advantageous in Decoding

[93] Since the instructions are determinable by itstmrsithe burden of decoding
an instruction op code will not be placed on thecpssor will lead to:

* Reduction of power dissipated in decoding. This M@iso mean that power
is saved in the implementation of complex pipe-lave parallel instruction
execution mechanisms.

* Reduction of components (e.g. logic gates, tramsisetc.) used for decoding.
This is the proximate cause of the power savingtioeed above. Moreover,
these transistors can be used in other areas tikeraovide additional
functionality and to boost processing power.

[94] All currently existing architectures use decodirig. VLIW and similar
architectures, this is simplified but not elimindes in this arrangement.

5.3 Advantages in Execution

[95] Since these registers are hard-wired when an IRagfister is changed the
Output Registers will change relatively faster tltamrently available processors. In
the current context, the instruction will need diéing followed by identifying the

registers involved, which of course consumes timé aeeds a lot of transistors to
implement. The data in the operand register datanegd to be sent to the processing
unit and subsequent to the execution of the omardkie result will need to be stores
in the destination register. ldentification of r&grs involved and the destination
resisters will be eliminated in this processor gesiThis will save instruction time
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and transistors and power dissipated in them. tlitiad only a "move instruction” is
needed to execute an instruction.

[96] In VLIW technologies time and transistors (or arlyey equivalent) involved
in making routing related decision with regard ftee tinstructions, within the
processor, may be saved in addition to the saviegtioned above. Moreover, a
processor or a computing machine design using N8IC have advantages over
VLIW based processor design, since the code blbathwesults from excessive use
of NOOP instructions will not manifest in code geated for an [ISC processor.

5.4 Other Advantages

[97] This architecture has the advantage were moreiamadity can be added to a
processor easily. The functionality addition canalbeoss version of the processor as
addition, which are dynamic if the processor is lenpented on a FPGA or
equivalent. Moreover, the design of an IISC basedgssor is simpler since there are
only simple PEs which makeups the processor. Theggsor facilitates the execution
of many instructions in parallel therefore; instrans can be scheduled by the
compiler to better exploit these parallelisms wittlie programme.

[98] Across different versions of the chip, the numbércertain units can be
increased e.g. more mathematical Operation Millsééld be added for processors
that are used in mathematical computations. Thistiva more widely used units can
be increased for special purpose chips. The lespuéntly used units need not be
increased. This facilitates more efficient use lbé ttransistors on a wafer than
introducing multiple cores on which where the whaothép is duplicated regardless on
how intensively that part of the chip is in use.

[99] Smaller instruction size for a compiled programmdee( to the lack of op
codes) would result in less bandwidth needed fda deansfer. In addition, the
minimal use of NOOP will save bandwidth. This woulld significant compared to
pure VLIW architectures.

[100] There is an ability to schedule instructions, iragicing the art of the
invention, will save the components and other resesiused branch prediction. The
branching condition in many cases will be knowntly time of the execution. This
will enable the instruction pipeline to be filleg@opriately with minimal stalling due
to 1/0. In addition, since the cache is very maiadfge and the instructions executed
are only from the cached, even if the conditioknswn late there will be minimal
staling of the processor. (The condition shouldeast be computed in the previous
execution cycle.)

[101] The invention facilitates better cache managemeapalkilities for the
compiler. Since the compiler is more closer to 8wmirce Code, it will be able to
make better decisions in terms of:

* What to cache,

*  When to cache and

¢ When to discard from cache
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Drawing:

6 Description of Embodiments

[102] The several embodiments described here are sotelytfe purpose of
illustration. The various features described heresad not all be used together, and
any one or more of these embodiments may be ceataina single embodiment as
well as multiple embodiments may contain the fezdudescribed as a single
embodiment herein. Therefore, a person skilledhm art will recognise the other
embodiments to be practiced; and modification dtefations that might be needed.
The embodiments described herein contain the hestije mode and its variation
contemplated of practicing the art of the inventamnappearing to the inventor at the
time of writing. With the change of the state dfiarthe future the embodiments and
the practice of the art of the invention might vardyile maintaining the essence of the
invention.

[103] Figurel.: Main Architecture:

[104] This picture depicts a diagram which is the BestiMéor the register and FU
layout. The data bus is also depicted. The data rbases values between the
registers. The control unit of the data bus isechithe Data Bus Controller for
identification purposes. In this lay out a FU hagltiple input and Output Registers.
The bit patterns in the Input Registers are mappedhe Output Registers. The logic
in the FU does the transformation. Generation oedatput together may be easier so
multiple outputs have an advantage. On the othedhaertain computation may
produce multiple outputs.

[105] Item 101.: Multiple outputs are computed from the inputs, etthare easy to
compute together. Some of the outputs may be diedarSee calculations in the
callouts above.

[106] Item 102: Example of a FU implementation.

[107] Item 103: Register data in directed using the register dasa

[108] Item 104: Controls the flow of register data. Only instrocs are to move
data between registers.

[109] Item 105: Register flow control parameters (i.e., the opdsaof the implied
instructions).

[110] Item 106: There are many FU which performer various funaion

[111] Figure?2.: Alternate Architecture:

[112] The alternate architecture is similar to the ablmweonly differs from the fact
that the there is only one Output Register for a FU

[113] Item 201: Register data in directed using the register dats.

[114] Item 202: Example of a FU implementation.
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[115] Item 203: Only one output is computed from a set of inputs.
[116] Item 204: Only 1 Output Register.

[117] Item 205: There are many FU which performer various function
[118] Item 206: Controls the flow of register data.

[119] Item 207: Register flow control parameters (i.e., the opédsaof the implied
instructions).

[120] Figure3.: Processor States:
[121] This depicts the states that a processor may gought Three major
possibilities are illustrated in the diagram.

[122] Figure4.: Instructions:

[123] This diagram depicts the lay out of instructionseTinstruction are packed
together the maximize parallelism giving head thailability of the FUs as well. If
there were infinite FU per given operation, thea ¢imly consideration that is needed
in packing instructions is the inter dependencyveen them. The number of FU is a
limiting factor in achieving the maximum possiblkerallelism.

[124] Item 401: Selects a register. (This register's data will bated in the next
instruction.)

[125] Item 402: Certain number of instruction that executed in |palta
[126] Item 403: Level 2 instructions are dependent on level 1.
[127] Item 404: Routes the previously selected register to an irggister.

[128] Item 405: Dealing with Breaks in Dependency Levels

The packet of instructions taken to the procesaanct be executed normally; since
there is a break in the dependency level (inswustiin a level are independent of
each other). There are a few ways to overcome this.

(1) Since there is a break in the level, the ingata routed, subsequent to this is
garbage if the whole packet is executed once. Thek \@round is to execute the

packet by the number of breaks that is there.

(2) Stall the processor until the results of thevpus level is available.

(3) On retrieval (fetch) of the packet of instrocis replace the non relevant
instructions with dummy (NOOP) instructions. E.g.the above case the second
packet execute will have the last 5 instructiondN&OP, and the next instruction

packed will have the 1st 9 instructions as NOOP smdn. Since fetching takes time
on fetching the instructions this adjustment is engéal the register holding the next
executable instruction. The level boundaries shookd specified in a previous

instruction packed. The number level boundariesclvican be specified at once is
equal to the maximum parallel instructions suppbitg the architecture. It should

also be possible to queue more information abopeddency levels than which can
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be specified, in case there are as many dependevelg in a packet as the number of
instructions.

[129] Figureb.: Alternate Instruction L ayouts:

[130] This diagram shows how instruction can be madeddable. The first is a
three instructions method which uses: select, tagg clock. The second diagram
shows how a timer is set using a special FU.

[131] Item 501: This Diagram shows a variation of the instructi@t where all
instruction are schedulable.

[132] Item 502: Registers are output or input registers.

[133] Item 503: Both the diagrams represent the how operations beammade
schedulable.

[134] Item 504: Registers are output or input registers.

[135] Item 505: This Diagram shows a scheduling can be achievedbying a
timer value into the FU’s timer/scheduler.

[136] Figure®6.: Register Routing:

[137] Registers are moved around using the Data Bus.iJleisntrolled by the Data
Bus Controller, which takes the source and destinategisters, as parameters and
then transfers the registers values from the sard¢be destination. In fact the Data
Bus Controller is what executes the instructiorth& processor. As iterated, this is
equivalent to a register select and register target a single move instruction.

[138] Item 601: Assuming 5 parallel instructions are executedcsé&eeqgisters.

[139] Item 602: Assuming the output registers RO0 — RO6 are afteadue to the
change in RI3, RI5, RI10, RI11, and RI14.

[140] Item 603: Copy register content to intermediate registers.
[141] Item 604: Copy register content from intermediate registers.

[142] Figure7.: Register Access:

[143] This figure illustrated the proposed best mode rigister access. It also
illustrated the layout of registers. It furtherustrates the Best Mode for moving
registers, by coping them to intermediate regist&r&U may carry out a task for
more than one cycle; in such a case the rising@fiitst cycle and the falling of the
last cycle will be as illustrated.

[144] Item 701: The Written Bit of the input registers are wiredthe Dirty Bit of
the output registers. The Written Bit may activat&U. On activation of a FU the
dirty bit is updated to signal the Output Regisierin the process of becoming
overwritten. The dirty read interrupt would be esldy the Data Bus on access.
[145] The two overflow bits should not be used by a lthk&J if the overflows need
to be ignored.
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[146] Some times the fact that a overflow occurred maystoee in the other bits

(marked as ...)

[147] All the bits of a register may not always be us&dme bits may be used as
flags. The output register format should be recogghiwhen moving it as an input
register.

[148] Item 702: On write this bit is set and it will activate ti&J(s) linked to this
register. This is cleared in the next cycle.

[149] Item 703: The dirty bit is set when the input register hakanged and the FU
is still processing it. An interrupt may be raised dirty reads. The dirty flag is
cleared in the next cycle or when the output offblebecomes available.

[150] Item 704: When an interrupt is raised (in the middle of aleythe currently
accessed data is discarded and the interrupt e@gsed from the next clock cycle.
[151] The interrupt unit may function using the main &ocycle or a skewed
(delayed) cycle or both.

[152] Item 705: This scheme saves on the connectors needed to negigters. The
alternative is to provide connector from each regito every other register which is
less than practical.

[153] Item 706: In rising of the cycle data is accessed. (Moveditlmen registers)
The dirty bit is checked in this point.

[154] Item 707: Interrupt is raised if dirty.

[155] Item 708: In falling of the cycle data is written. (Writteftom hidden
registers.) In this the dirty bit is updated.

[156] Item 709: Execute. Reset the Written and dirty bit.

[157] Item 710: The accessed registers are copied to hidden eegjist

[158] Item 711: The hidden registers are copied to the relevayisters.

[159] Item 712: Move data from hidden registers to the appropreggsters.

[160] Item 713: Move data from hidden registers to the appropreggsters.

[161] Item 714: Move data to hidden registers.

[162] Figure8.: Code Level Management Unit:

[163] Operations in an execution of programme have degpenes. This unit
illustrates how dependencies are tackled if thgyplka in the same instruction packet.
Information about dependencies is sent to the Qaeleel Management FU. This
information is queued and used in fetching instamg to deduce whether a
dependency boundary exists in any of the instrostibat are going to be executed. If

this is the case a special adjustment is made eTdrermany possible adjustments; the
figure illustrates some of the methods that canubed. These methods include
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insertion of NOOP instruction into the instructipipeline upon fetching, staling the
processor on dependency break so that the nextdeeeutes in the next cycle, and
executing all the instruction of the packet by tluenber of dependency level breaks
in the packet.

[164] There is a possibility that this functionality istmeeded if all the instructions

are schedulable. Then dependency breaks occunshregtion will just be scheduled
to run in a later clock cycle.

[165] Item 801: Code level management will be very important toaximéze the
throughput of the processor. This FU will deal wsttheduling execution of code
(1) So there are no dirty inputs to FU,

(2) Manage potentially dependent instructions wiittn instruction packet,

The compiler will ensure that maximum leverageasgd by:

(1) Parallelism in operations,

(2) Availability of FU to carry out the operations.

[166] Item 802: 5 registers are ideal if instructions are execiuigohckets of 5 since
there is a maximum of 5 levels per instruction.

[167] Item 803: ROO & R16 are both Input and output reg. for bottits)
[168] Item 804: Head of Queue -R0O0 (Next Level Break).

[169] Item 805: De queue when executed instruction packet hagéipendency
level boundary pointed by the first register.

[170] Item 806: Tail of Queue — R16 (Last Level Break Registered).

[171] Item 807: ROO & R16 are both Input and output reg. for Hattits.

[172] Item 808: ROO & R16 are both Input and output reg. for Hattits.

[173] Item 809: Instruction “splitting” can be achieved in 3 way$ey are listed in
the order of complexity:

(1) Execute the packed repeatedly by the numblavefs in it (In this case 2).

(2) When fetching show the instructions as 2 irdtams with NOOP padding like in
the left.

(3) Delay subsequent instruction dependencies uhg&l needed results become
available. (This might be too complex.)

[174] Item 810: Dependencies in packets are split.

[175] Item 811: First Instruction.

[176] Item 812: Second Instruction.

[177] Item 813: Instruction Packet is Split to Two.

[178] Figure9.: Data Bus:
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[179] The Data Bus is responsible for moving instructidrm one register to
another. The executable instructions contain patens@r operands to the Data Bus
Controller unit.

[180] The Pre-fetched Instruction Pipeline holds the mestructions to execute. On
pre-fetching certain adjustments are made to thieuation like dynamically inserting
NOOP instructions. This is depicted in the figurethe code level management unit.

[181] Item 901: Move data between registers. Since the some aketisters (input
registers) are wired to FU input and others (outpgisters) are wired to the output of
FU, all the computational tasks can be achieveaoutyin shuffling data between these
registers.

[182] Item 902: NB: “Select register” and “target register” can theught as two
instructions or a single move instruction.

[183] Item 903: NB: A number of instructions equal to the numbkinstructions in

a packet are placed in a pipeline. In this pipe ldjustments are made to account for
multiple dependency levels. (A packet is at mosit ggo different packets equal to
the number of instructions in it.) The term pipees here are different from that of
normal context where parts of the instructions Wwrace independent are executed in
overlapping manner.

[184] Item 904: Instruction Partition of Cache.

[185] Figure10.: Memory Controller:
[186] The memory controller is an external dedicatedIPEoves memory between
PE and the main memory.

[187] Memory bus should be wider than the input of thecpssor words or each PE
may have its own Data Bus.

[188] Item 1001: The memory controller selects a block of memory dhen
transfers it to the catch of a PE.

[189] Item 1002: Instructions from the OS or PE to optimally mandge PE to
maximize throughput.

[190] Item 1003: Instructions packet from the OS or PE, for systeith 5 or less
PE. PE # is the requesting PE # and need not lepan since it is implied. In this
case a packet will only have (‘Memory Address’, filoer of Instructions”).

[191] Item 1004: A programme, PE or the OS managers the requesirisfer data
to a given PE. These requests may result from:

(1) A programme request certain instructions te&ehed, as data or instructions. (PE
can execute instructions which are cached onlydiralar manner. This will reduce
executable code size).

(2) OS assigning a task to the processor. In thee ¢he instruction that needs to be
executed along with the data is transferred in® phocessor by placing it in the
cache.
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[192] Item 1005: The catch management module will know where exdettidress
and partition) to place the stream of instructieceived from the memory.

[193] Item 1006: Memory

[194] Figurell.: Memory Management:

[195] Memory management in this case is multi-phasedt,Rine needed memory
elements are cached. Subsequently, this is accé&ssedhe processor. The processor
can only access the cache. The Memory Managemenltidgttbns the movement of
data from the cache to the registers of the PEvaredversa. The cache has two kinds
of major partitions: one for memory and the ottwrifistructions.

[196] Item 1101: Instructions from the OS or PE to optimally mandge PE to
maximize throughput.

[197] Item 1102: Input Operands / control parameters.

[198] Item 1103: Both Cache Management and Memory Management FUdwou
support conditionality of execution. MMFU deals kvdata held in memory which are

loaded into the registers. DBFU deals with the apds of the instructions the

processor will have to deal with.

[199] Item 1104: Input Operands.
[200] Item 1105: Input Operands.

[201] Item 1106: (*) Move instruction block. (*) Repeatedly movestruction
block.

[202] Item 1107: Memory management instructions are as follows:
(1) Move memory block to catch,

(2) Move cached item to registers,

(3) Move cached instruction block sequentially édedbus,

(4) Repeatedly move cached block in sequential matmnData Bus FU.

[203] Item 1108: Multiple PE or processors.

[204] Item 1109: The memory management instructions can also beute@ using
a Memory Controller FU just like any other instioat (E.g. transfer a memory
element in cache to registers.)

... M — Memory element

... C—Cached element

... R —Reqister

[205] Figure12.: Memory Controller in Machineswith Parallel PE:
[206] In scenarios with parallel processors, each PE masg its memory pool. This
serves as a local cache.

[207] Figure 13.: Explicit Cache Management:
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[208] The compiler is the closest to the code and isénpiosition to better optimize
the variables and instructions to cache for faat®ess. This processor architecture
addresses this issue by facilitating greater coofrthe cache by providing ways and
means to explicitly control the cache through FUhisTarrangement gives the
compiler also more control.

[209] Item 1301: Instruction is placed in a special partition ie tache designed for
it. When the boundary of the instruction cacheeiched then the Instruction Pointer
(IP) is zeroed. Instructions are loaded in circdlshion into the catch. (l.e., if a
transferred block goes beyond the instruction bamdhen it is placed at the
beginning.)

[210] Item 1302: The condition is used in conjunction with condiiab branching
across a large number of instructions which isindhe catch. (If the jump is within
the instruction of the cache, then a simple IP stdjent will suffice.)

[211] Item 1303: NB: Parts of cache will be stacked across functialis.

[212] Figure14.: Looping & Branching:

[213] Looping a branching constructs are very importantany processor. This
architecture has a novel approach to both loopind branching. Looping and
branching is schedulable, i.e., the looping anchdinang statement can be sent to the
PE before hand. The instruction will trigger whéme tscheduled number of clock
cycles have elapsed.

[214] Item 1401: Branching will be carried out by a branch schedulFU. This
would instruct to reset the IP to a specific lomatin the cache, after a given number
of clock cycles or executing a specific number mdtiuctions. (PE cannot directly
address memory.) The test for the jump conditiavukhbe done early as possible to
ascertain which direction the execution would flow.

NB: the PE implementation most probably will nalsttherefore the compiler must
handle possible delays in loading instructions.

The start latency can be used to carry out sontialimation instructions. On the other
hand the loop or jump can be pre scheduled usiadehture.

Different latencies are used to make sure thatigbtasks like loading a different
instruction block, can be done depending on theditom (such tasks may take
different time).

Packets may be scheduled before hand to ensuréhéhathole packet or perhaps the
whole pipeline (or major part of the instructiopgline) gets executed.

[215] Figure 15.: Stack and Call M anagement:

[216] This diagram shows how the stack is managed. Oatibm call the cache
window is switched. The switch is such that somethef parts of the cache will
overlap with the precious widow. The overlappingtiom can be used to pass and
return parameters.
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[217] In the case of register there would be many shadgisters. These shadow
register are access throw the window associatell tivé context. On change of PE
context, i.e., on function call; the window on tlegisters changes. That is a different
set of registers will become the active registers.

When the stack get full the register are spilledh@mory and as it becomes empty if
there are spilled elements they are loaded. Thek diar this purpose should be
circular.

The stack management FU can be used in some implatioms to change the
process context. This scheme is discussed above.

[218] Item 1501: Registers are parts of the PE context and will bisstacked. For
simplicity they will not overlap.

[219] Item 1502: On function call stack the PE context.

[220] Item 1503: The stack element beyond the top is wired to theeat PE
context so it is updated without latency.

[221] Item 1504: Common cache area. (Saved on change of procetxtjon

[222] Item 1505: Cache area which overlaps between function célaved on
change of process context.).

[223] Item 1506: If queue is more than the threshold spill the stegs into the
memory stack and increment lowest PE context. i§ iiower than a threshold and
there are stacked PE contexts load them aftepthest PE context and decrement the
pointer. (This is to accommodate function calls returns which are in quick
succession.)

[224] Item 1507: Last PE Context Stacked (Top of Stack).
[225] Item 1508: Lowest PE Context (Bottom of Stack).

[226] Item 1509: NB; in this processor the cache is also an intgumet of the PE
context. Therefore, it also needs to be stacked.

[227] The addressable internal cache size should be smatlable fast operations.
[228] Item 1510: NB: The cache will have a part which will not keved as a part
of the context on function calls but would be sawedchange of process context.

Needed global variables will be cached as needéavéhbe stored here.

[229] In addition, there are overlapping areas. This lbarused for passing and
returning of variables.

[230] Item 1511: NB: Unlike traditionally a process will not enjayseparate stack.

A Stack would be for a PE regardless of the nunob@rocessors run by it. The heap
changes from process to process. (Use of AutomeiGables is very much
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encouraged to avoid memory fragmentation. The clemmyill try at best effort to
convert dynamic variables to automatic with thetledfort. E.g. a class variable or
global variable which is only accessed in one fiomctan be made an automatic
variable.)

[231] When the process context needs to be changed tellRie interrupted. This
will cause the PE context to be saved. It mighd le&aa spill which would be put to
the general stack. After a series of switchersRBecontext will be switched back to
the previous by popping the stacking. On poppirgy dtack the stack state will be
spilled to memory if the popped process is stitivec It would also be possible to pop
all values at once. The OS will decide where toestbis data and will be stacked
when needed.

[232] Item 1512: Spill to Memory gets from Memory.

[233] Item 1513: Interface with Memory.

[234] Item 1514: Common and overlapping areas in the cache arelsave
[235] Item 1515: Restore common and overlapping areas in cache.

[236] Item 1516: After a certain number of process context changatswhen the
process stack gets full. The processors will have@nitch back to previous.

[237] Item 1517: Process stack.
[238] Item 1518: Process stack bottom.

[239] Item 1519: The process stack will be used to stack the comoache areas
and overlapping areas in the cache.

[240] Item 1520: Free Memory.

[241] Figure16.: Data Cache Window:
[242] The data cache partition is windowed, i.e., the lwhcache cannot be
accessed. The access to the cache is throughittdew.

[243] Figurel7.: Instruction Fetching FU:

[244] The Instruction Fetching FU draws a stream of udton from the instruction
partition of the cache. As iterated above necessaljystments are made to the
instruction packets.

[245] Item 1701: The instruction fetching FU transfers data from ¢lache and pass
it on to the data bus to be transported to thevagieFU for execution. In this process
certain adjustments are made.

[246] Figure 18.: Process M anagement:

[247] The process management FU can be implemented two Mus diagram is
suitable representation of both.
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[248] The process context switching is described above.

[249] Item 1801: The PE context across process will be saved asndioation of
two stacks. The main internal stack is to handiefion calls, so it has common and
overlapping areas (out of two which needs savingcbange of process context.)
These parts on the main stack will be stacked se@ndary stack. The size of the
secondary stack determines the number of procestexte that can be switched
without switching back. (This secondary stack isspmlled into memory. Also, if the
main stack does not have common or overlappingséatea secondary stack will not
be needed.) Two interrupts will handle the switghibhetween processors and
switching back.

[250] Item 1802: Memory accessed on switch back of process conlféetprevious
process context will need to be immediately comaditto memory. This will cause
the processor to stall until the commit is compl&mce the context is dynamic this
instruction cannot be scheduled.

[251] Item 1803: Output registers of the Process Management FUapped or
wired to the input registers of the Stack and ®&hagement FU.

[252] Figure 19.: Process Management - An OS Per spective:

[253] At the OS level the process is managed using aepsocontext table. The
table stores the relevant data needed by the GBeloase where the stack is used for
processor context switching, when the process gbigeswitched back the previous
context will store in this table.

[254] Item 1901: When the process in switched back the stackedisiaailled to a
location in memory. This saving can be scheduled.

[255] Figure 20.: Alternate Process M anagement:

[256] In this scenario the process management dataredsto a table. The process
data is moved to and from the table. In this cdse dtack data will also need
replication. In the previous design memory elemeamésconserved but it is complex
to implement. The stack also will need to be sgilleany times into memory when
switching back.

[257] Item 2001: Memory access is needed when table is full. Tleieds to be
handled by the compiler. Since a delay is tolerabis instruction need not be
immediate, i.e., it can be scheduled.

[258] Item 2002: An alternate implementation is to have the procesdsle
implemented in the processor it self. Process abnte switched by placing the
registers and cache in one of these slots. Anygsocan be switched in and out.

[259] Item 2003: Memory access is needed when queue is full. This loe
transparent to the compiler and process. Sincésy detolerable this instruction need
not be immediate, i.e., it can be scheduled. Thghtrbe the least time consuming
implementation.

28



[260] Item 2004: In the queued technique the process context aeegu When the
queue becomes full new process context entriesspitted to memory. (This is
transparent to the process and compiler). The xbetn be switched back only by
de-queuing.

[261] Figure2l.: Processor Initiations:

[262] In the processor initialization a programme frore ROM is loaded to the

cache of the processor. The execution begins frben first instruction in the

instruction partition. These instructions are senthe Data Bus. These instruction
loads additional FU needed for the operations ef phocessor. New connections
between registers and FUs are made during thigphas

[263] Item 2101: This processor ideally may not have explicit mgmaddressing.
Memory blocks can be requested to be cached asddlche can then be accessed by
a PE. On boot up the initialization data and iregtams in transferred to the processor.
A PE will have some basic FU which are hardwiredddain registers. Subsequently
new FU and are loaded and new connections are betdeen FU and registers. The
registers may be flagged as read only. The loadfrigU and connections are made
using a special FU. The special FU needed for thisalization should be
prefabricated and hard wired FUs.

[264] The process loading is also done in a similar manne

[265] Item 2102: Memory access is needed when queue is full. This loe
transparent to the compiler and process. Sincésy detolerable this instruction need
not be immediate, i.e., it can be scheduled. Thghtrbe the least time consuming
implementation.

[266] Figure22.: PE Initialization:

[267] In the PE initiations process FUs will need to baded. This will be from
external sources. 1/0 system will be used to IdedRUs. In this process connection
are also made, between the registers and the fpdsigb FUs is used for this process.
The functional units that are used in the initiaiian process should be pre-fabricated
and the interconnections should be pre-established.

[268] Item 2201: FU are loaded from a well known device. The patansewill
include all the needed information from where tadahe data and the number of
bytes to transfer etc.

[269] Item 2202: The FU will have a certain number of connecticadie which can
be used for input and output. They may not all ®edu

[270] Figure23.: Interrupt FU:

[271] The interrupt FU interrupts the processor in thek ta is doing to attend to
another task. The interrupts are stored in theuog8on partition of the cache. The
code size of an interrupt should be minimal theeefll the code may not be cached.
These stored interrupts may load from memory arditiadal code it might need.
Some of the interrupts which are needed duringaiisation as well as a few other
main interrupts may exist in ROM and will not theaogeable to the executing
programmes. Interrupts can be two types: Hardwaik software. In the case of
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hardware interrupts the Interrupt FU is signallegl dending a signal from the
Hardware Interrupt Controller to indicate whetheere is a problem.

[272] Item 2301: The interrupts are stored in a section devotedtf@ome of the
code may be read only. In any case the last ofirttegrupt points to a section to
execute.

[273] Item 2302: The hardware FU signals the Interrupt unit whit@ding the
parameters to well known registers.

[274] Item 2303: Interrupt is invoked by loading the registers.

[275] Item 2304: The interrupt FU handles software and hardwarerinpts.
Interrupt FU maintains connections with the thragdrU. In a blocking interrupt the
threading context is switched.

[276] Figure24.: Thread Scheduling:

[277] Threading is a significant development in the cotimguscenario in resent
times. A list of active threads are maintainediththe cache. The start of threads and
the end of threads are maintained. If needed péattse threading table is spilled into
memory. Such an activity should be handheld bynsutt.

[278] When the thread is spawned it might not be in #ehe. In such a case the

memory location of the instructions and the numifeinstructions to cache and the

cache location can be specified. In the case kieathread is already in the cache the
cache location can be specified. In both casem#triction can be scheduled.

[279] Item 2401: Thread context is maintained in the active thrésde. On a
blocking interrupt the active thread is switchedumther.

[280] Item 2402: Only used when it is needed to get from memorye Block in the
thread table.

[281] Item 2403: Active Threads is moved in circular manner
[282] Figure?25.: Time Slicing FU:
[283] Time slicing is used in to run many processorsf @aarining simultaneously.

This diagram illustrates the basic FU and registgout needed.

[284] Item 2501: NB: In the stack based process context switchiegTime Slicing
FU interacts with the stack.

[285] Item 2502: Output registers of the Time Slicing FU is wiredthe Process
Management FU.

[286] Item 2503: In the case of where the internal stack is usedpfocess
management.

[287] Figure26.: BNF to I ntermediate:
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[288] In compiling the programme is parsed. This parsed is then converted to a
graph theory based model. This graph is used termiie dependencies. This is
further transformed considering the availabilitycd as a limiting factor.

[289] Item 2601: BNF will be mapped into a graphical representatiaghlighting
which models operations as vertices and dependbatyeen operations as edges.
Dependencies arise due to the flow of data from @peration to the other, i.e., the
results of certain operations are needed for theerobperations. Effectively a
dependency graph is a graph showing the flow odrinfition from operation to
operation. The operations transform the data fémt through.

[290] Item 2602:

1) BNF data is converted into a Dependency Graph.

2) The Dependency Graph is then further convenitma Slotted Dependency Graph
(a Dependency Graph which is adjusted for the aldity of FU.) In this graph the
vertices will represent operation and the edged wipresent dependencies. In
addition, there will be a number of slots which @peration fits into. These slots
represent the available FUs in a given clock cycle.

[291] Item 2603: Convert to FU centric graphical layout.
[292] Item 2604: Convert to FU centric graphical layout.

[293] Figure27.: Code Arrangement:

[294] Depending on the availability of FUs the dependegm@aph will need further
transformation. In a given level there can onlyib&ructions that are independent
and the instructions present should also matckyffeeand number of FUs available.

[295] Item 2701: Assuming that all the operations use the same mdJtlere are
only two FUs for the operation, the above depengemaph will be transformed to
the given Slotted Dependency Graph.

[296] Item 2702: This diagram shows dependencies among operafioraidition
to the dependencies among operations there arkntitimg factors which are

(1) The number of FU for a given operation,

(2) The instruction packet size.

[297] The compiler should analyze the dependency graphtl@ availability of
resources (FU) and optimally arrange the instrastion packets. Instructions in a
packet are executed in parallel.

[298] The instructions are arranged in such a way theatipas which many other
operations depend on, are executed in advance,dar do achieve maximum
throughput.

[299] Figure28.: Compiler Extensibility:

[300] This figure further elaborates code arrangementraatthing process. Since
the FUs can change, the functionality of the opematthe processor can perform
should be determined.

[301] Item 2801: Since the FU is changing, the compiler should jpecisied in a
language which defines how BNF is converted infdlacentric representation. Each

31



FU should have a compiler understandable descnigtia@l how to resolve conflicts if
there are more than one FU competing a certaierpaitt the parse tree.

[302] Item 2802: Dependency graph based on atomic operations.
[303] Item 2803: Match pattern in the parse tree with patters fBla
[304] Item 2804: FU centric dependency graph.

[305] Item 2805: FU description using a language which definesltiggc of the
FU.

[306] Figure29.: Compiling High Level Language (HLL) to Logic:
[307] This diagram depicts how FUs are to be programritd. constructs are
directly translated to logic.

[308] Item 2901: A big problem faced by programmers in designingdhare is to
think of terms on logic circuits. To overcome thdgficultly HLL code can be
translated into logic and hardware design opposadachine code to be executed on
a processor. This technology can be used in degjdgru.

[309] Figure30.: Array Registers:

[310] Two approaches in accessing Very Long Registerspeeified here. In one
scheme virtual register are used as a window tbgsahe long register. In the other
scheme a special FU is used to write and read phtt® long registers.

[311] Item 3001: Generally registers are word sized or less. Venglbit register
can be accessed using a special FU as shown here.

[312] Item 3002: Moving memory from the cache to a long registed &@is-a-Vis
will be similar to moving data for normal registefBhis should be done by the
Memory Management FU in one step.

[313] Item 3003: Very Long Bit registers can be accessed as aifrapmonal word
sized registers. A drawback of this approach ig tha number of registers will
significantly increase.

[314] Item 3004: Virtual word sized registers which represent pthe underlying
long register.

[315] Item 3005: Moving memory from the cache to a long registed &is-a-Vis
will be similar to moving data for normal registerBhis should be done by the
Memory Management FU in one step.

[316] Figure3l.,: Register FU Connectors - using mux:

[317] Item 3101: The multiplexes are connected to a certain nurabeggisters.

[318] Figure32.,: Register FU Connections - using mux & demux:
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[319] Item 3201: The multiplexes are connected to a certain nurabezgisters.

[320] Item 3202: All multiplexes and de-multiplexes receive a sel@put from
stored memory elements.

[321] Figure33.,: Register FU Connections - using demux & mux:
[322] The figures 31 ... 33 show some of the modes contaegbin establishing the
connections between registers and FUs.

[323] Item 3301: The multiplexes are connected to a certain nurabegisters.

[324] Item 3302: All multiplexes and de-multiplexes receive a seleput from
stored memory elements.

[325] Figure 34.,: Execution Cycle:

[326] This figure depicts the execution active and passihstructions and their
properties. Active operations are the ‘read’ andt&v operation. Passive operations
are the activities carried by the FUs. Active ofierss in a packet are executed in
parallel and possibly many packets are executélgeirspace of a passive operation. If
this is the case all the packets executed seam patallel to the programme since all
the instruction has done is move certain valugsgisters to input registers which are
only accessed at the beginning of a passive operati

[327] Item 3401: Execution of 4 operations in parallel. This impli¢hat the
instruction packet size is 4.

[328] Item 3402: Time Taken Execute a Passive Operation by a FU.
[329] Item 3403: Possibly in the same instruction packet.

[330] Item 3404: Active operation Execution Time.

[331] Figure35.,: Ideal Execution Cycle:

[332] This figure depicts a more idealistic approach whée ‘write’ of a previous
‘read’ are carried out in the same time as a fhessdd’.

[333] Item 3501: Execution of 4 Read and write operations in patall
[334] Item 3502: Parallel write of a previously read value withresh read.
[335] Item 3503: Quasi parallel execution.

[336] Item 3504: Active operation Execution Time.

[337] Item 3505: Parallel Operations.

[338] Item 3506: Time Taken Execute a Passive Operation by a FU.

[339] Figure36.,: Long Registers:
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[340] Long registers are registers used to process tdrgeks of data including but
not limited to vectors and matrices, strings, asrdyt strings. These registers can be
used along with FUs to process the whole chunlatd th one operation.

[341] Item 3601: Array Registers / Bit String Registers / Byte RBufiRegisters /
Very Long Registers.

[342] Item 3602: Window.

[343] Item 3603: Overlapping Window.
[344] Item 3604: Normal Register Windows.
[345] Item 3605: Window position.

[346] Item 3606: Value.

[347] Item 3607: Array Registers / Bit String Registers / Byte BuffRegisters /
Very Long Registers.

[348] Figure37.,: FU Configuration:

[349] Operations of a FU can be altered by loading a lRevio occupy its slot or by
providing configuration to alter the operation @adrout. This shows how to provide
configuration details so that the operation of Huwecan be altered. The configuration
can be in a separate register or part of a register latter method is more advisable
when using long registers.

[350] Item 3701: Long Register.

[351] Figure38.,: Switch:

[352] The ‘switch’ statement is used in many programnargguages. The diagram
shows how the switch statement can be supported FBly. The value in put into the
relevant register and compared with the ‘casestiwhéside in other registers. If there
is no match then the execution flow continues ndlgmg&lse a branch will occur to a
given destination at the given time. If the timenat set it would mead the jump is
immediate.

[353] If there are more than the numbers of ‘case’ vakwggported by the FU then

these ‘case’ values can be tested in manageableetsuldf there are less value
repeated values can be used. The values are tasteprecedence order of registers.
Therefore the first match will execute if there egpeats.

[354] Item 3801: If the value does not match the control will passthe next
statements. These statements can readjust thealass in case there are more than 4
cases. In case there are less than 4 case va@egtth registers can be set to a value
of a previous case. If there are two case valueshwhre equal then the fist is
executed.
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Best M ode Disclosure:
7 Best Mode

[355] In building a PE there are many decisions to beertaklThe best mode
contemplated in practising the art of the inventias appearing to the inventor at the
time of writing, is presented herewith.

7.1 ldeal Multiplicity of Instructions

[356] This invention should ideally have a move instroigtiwhich can be broken to

two smaller intuitions. One instruction selectsisegs and copies them to an array of
hidden registers. The next instruction copies ttosn these registers to destination
registers. This scheme will even enable a regsteap within the same execution

cycle.

7.2 Connections between the Registers and FUs

[357] With regard to the input and Output Registers,liést would be to be able to
have more than one Output Register. Depending erciticuitry needed to connect
the register there could be a restriction on theber and the registers which can be
connected to a FU. Moreover, some register coulgdsenanently connected to FU.
These considerations will save on the complexity mmmber of the logical constructs
needed create a PE. In case speed is paramouhedlU and the connection with
registers can be pre fabricated, in such arrangetherilexibility is compromised for
a gain in speed.

7.3 Switching between Processors

[358] In devising a scheme to process switching it wdwmddideal to choose the
mode where there are process tables “internallgther than the stack based
approach. The later saves on memory elements aitgivut it do need more memory
accesses thus consuming more memory 1/O bandwithis would pose as a
bottleneck. Therefore, the scheme described sfsdwWn in figure labelled: Alternate
Process Management) is the ideal scheme, and wmurldtitute the best mode of
practicing the art of the invention.

7.4 Operation/FU Activation Scheduling and Dependency
Level Breaks

[359] In practicing the art of the invention, if all tH@Js were schedulable then
many of the issues regarding “dependency levelkisfewill not arise. Operations
(carried out by FUs) in an Instruction Packet, whis not in the same level can
schedule it self to be executed in the next clogiec However, in doing so the FU
which executes an operation will not be free ustith time the instruction is fully
executed. Therefore, many FUs of the same type heilheeded to ensure smooth
execution. In addition, setting up the timers tad monsume instructions (executed
by the Data Bus Controller) or memory (the spaaaupied by the recurring operand
used to set the clock, of some, which might noéven needed). Having the ability to
schedule operations as well as manage Dependeng}sliey padding with NOOP,
would be the best mode of practicing the art of itheention. Timing/Schedulable
operations can be used for operation of which regoianching, 1/O, and are power
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consuming (if power consumption is an issue). Bfadk the timing register could be

zero and will remain so until a value is movedttd.e., the instruction will execute

immediately. A FU to set all or a set of timer sdgrs to a given value would be
advantageous. In case an output register can mectad to two FUs, the use of times
would be needed to ensure that the data in theubugmisters do not get write to

mutually thus getting corrupt.

[360] If all instructions are schedulable, there is aspmbty that an instruction will
have:

* The register is selected for moving,

* The targeted register is selected for the data tpléced, and

» Time in which to activate the FU.
This scheme will not use more clock cycle for sched activation of FU.
Nevertheless, a lot of space will be wasted fottittnéng details. Therefore, the timing
details can be an Input Register to a FU. This malWe some clock cycle (time) cost
in setting up the registers but memory as well anory I/O bandwidth will be
saved. The clock register many not be a full lermgthister. In such a case, when
coping to these Timer Registers some higher ordernbay get truncated. Using a
scheme to Manage Dependencies as discussed woldgdé&me-consuming owing
to the fact that it takes only an instruction tgister a Dependency Level Break
opposed to multiple instructions for setting up tilgers.

[361] Using timing and scheduling would be beneficial.idtuse will also save
power. Having the ability to specify Dependency ¢lsvAlso would be beneficial.

7.5 ldeal Number of Instructions

[362] Ideally, there should be a ‘move’ instruction onny time setting scheme
should be handled by moving data to the FUs timbeduler Input Register.

7.6 Clock Cycle to be used by a FU in Carrying-out a
Computational Task

[363] There is a possibility that FUs may consume difiereimber of clock cycles.

For simplicity for compiler design with regard teheduling of instructions and

managing of dependency level breaks it would balidean instruction would only
take a fixed number of cycles to execute.

7.7 Use of Packets

[364] Instruction of the PE can be moved in as packatruction within a packet

will be executed in parallel and more than one packay be executed before a
passive operation by a FU. In this case all th&runtons executed within the time
will be quasi parallel since of the programmes pecsve the smallest quantum of
time is what is taken for a passive execution.

[365] Using packets more instruction can be executed tmsing a stream of
instructions so this would be the best mode oftpiag the art of the invention.

7.8 Activation of FU

[366] The best mode contemplated for the activation m@sha of a FU is as
follows. The activation of a FU will happen on wrg to any of the input registers.
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After the output is calculated the FUs becomesciiva again but the values of the
Input Registers and Out Put Registers will be naémetd until such time that they are
overridden.

[367] Other than these variations, the above-describetthades the best way to
implement the PE.

7.9 Dirty Reads

[368] Ideally dirty reads and it prevention should bediad by the compiler, thus
freeing the need for hardware support to tracSdme times the ability to read a
value in an Output Register just before it is updain the next cycle may result in
more optimised code too.

7.10Very Long Registers

[369] If very long registers exist they should be marapedl using a FU. Using
virtual register mapping would greatly increase thember of registers thus
increasing the number and complexity of conneqgpiatins.

7.11Caching

[370] The caching method in this invention may be usedanjunction with the
caching schemes available today. An out level canhg ideally use the Harvard
Architecture.

7.12Timer/Scheduler Values

[371] When packet size changers across different sefietheo same processor
architectures so would the clock cycles for an atien of a times operation.
Therefore, the scheduler should be in terms ofnilmaber of active operations that
should laps to trigger execution.

7.13Parallel Execution

[372] The active operations which result from the exerubf instructions should
happen in parallel. The write of a previous read ariresh read should be carried out
simultaneously.

7.14Scheduled Instructions

[373] If all the instructions are schedulable then thedhéo manage dependency
levels will be significantly reduced. Thereforeeadly all instruction should be
schedulable.

8 Mode for Invention

[374] This processor can be implemented on a silicon mwagsewith many other
contemporary processor implementations, but thissdwt need to be restricted to
this form of implementation. If a novel, way to fadated logical components is found
this can be ported to such a scheme. This modeaaftipe is present in the prior
related arts and will not pose as a problem toragmeskilled in the art.

[375] The manner, in which art of the invention is preeti, as contemplated herein,
may be varied and changed to suit, by a persoledkit the art. The state of art is a
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rapid flux of change, therefore a person skilledha art many change or adopt the
manner in which the art of the invention is praaticwhist keeping to the spirit and
scope of the invention, as the state of art evolves

9 Industrial Applicability

[376] This kind of PE can be used to carry out any coatmral task currently
done using computing machinery. The FUs will becaingpler to design and make
in practicing the art of this invention. FUs arebemiments, which are already found
in the prior related arts and can be ready creageadperson skilled in the art.

[377] Many of the FUs can be optional; therefore, difféerBE can be implemented
according to need. PE for supper computing andsfieecomputing can be designed
with the all the mathematical and vector process$iumgtionality needed. Moreover,

simple processors for mobile devices and possibipler devices can be made using
PE of this kind. This is due to the simplicity afsign and the embodiments.

[378] This invention will have numerous advantages effeGhese advantageous
effects will make this invention more viable th&e tsolutions found in the prior art.
The benefits reaped, in practicing the art as coplated herein, will present itself in
monetary and non-monetary terms due to the perfocenancrease and advantageous
effects it would create in practicing certain eletsein the art of computer
programming, and art of manufacturing computing Iniraery and apparatus; and in
practicing their related arts and crafts.
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Claims of the I nvention:

10 Claims

What is claimed are methods and modes of practg&eprasented below. The
following is only for illustrative purposes onlyuh this invention can be practiced in
alternate forms and modes or using selective f@ntsmodes, while maintaining the
scope and spirit of the art of the invention. Agwer skilled in the art would be in the
position identify such modes of practice.

[1] The crux of this invention is that there are Fumai Units (FUs) (embodied
apparatuses which carry out a computational omeratir function) which has
registers (embodied apparatuses which can be usedemory elements) that are
hardwired to FUs. The inputs of the FU assignedht input registers which are
wired to the inputs of the FU, on computing thepotitthe results are then written
back into output registers which are wired to thepat leads of a FU. Not all the
registers in the system may be connected to a BbheSegisters may be dedicatedly
connected to a FU where as some registers couttlyh@mically re-assigned to FU
using a special technique. These connections magrddféed as a combination of
multiplexes or as seen fit by a person skilledh& art. The FUs discussed here may
be dynamically loaded or prefabricated such thataitnot be changed. If they are
dynamically loadable, they are loaded and unloaddtie course of execution using
special FUs; or they could be loaded by a pre-usagdiguration mechanism or a
dynamic configuration mechanism which uses a ctiatravhich among other things
loads and unloads the FUs dynamically. The instvactor the controller may be
issues by a separate programme or by the prograeamemuted by the FU it self. In
addition, the registers discussed here can be siasdl registers or multiword sized
registers which can be used to represent vectarstrings, strings, arrays, etc. A
person skilled in the art will be in the positioo tecognize the optimal size,
arrangement, and how to implement any special septations of data, in relation to
the context of use. The registers can connect & @nmore output leads or input
leads of FUs or both. In the case of FUs, they praguce one or more outputs for a
given set of inputs. The outputs produced colletyiwould include but not limited
to, intermediate values of a computation whichikely to be re-used else where, or
values which are easily deducible when producing afithe outputs, or values which
are incidentally produced during a calculation (theerted bit representation), or
computation which logically produce more that orzdue (e.g. calculating a set of
coordinates). A person skilled in the art shalbgrize how to practice this aspect of
the invention. Apart from producing output valussme FUs may be used to cause
other side effects (other than producing an ouyaliie though this itself is a side
effect) including but not limited to, the alteringf the computational apparatus’s
internal state or configurations. Also, certain uhgegisters may be containing
configuration parameters for the FUs or the comnmguthpparatus as a whole. The
latter case can be implemented by special FUs whakle in the parameters in
stipulated registers and do the alteration of trefmuting apparatuses configuration.

[2] The special arrangement of the connections bettveeambodied apparatuses

— namely registers and FUs — as in claim [1] abekere the registers are hardwired
to FUs, would facilitate an Instruction Set Arcbiigre (ISA) of the processor that can
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be implemented as a set of multiple recurring utdtons (Multiple Recurring
Instruction Set Computing); thus making the inginrc deducible by its mere
position in the instruction stream. Since the indions are deducible by position the
instructions are implied, therefore, an op-cod&as needed to identify them. The
instructions need not be decode too. This faddidahe mode of computation which
do not require an explicit instructions for cargyiout a computational task, i.e.,
though there will be instructions, the instructidghemselves would be implied. Only
the operands of the instructions will be provided some of provided operands may
be shared by more than one instruction.

[3] The mode of computation, as in claim [2] above, rghthe instruction are
arranged in multiple recurring fashion, would faaie 1SAs which has one move
instruction (computing using a single instructionSingle Instruction Set Computing
— SISC), a select register instruction and targgtster instruction (computing using
two instructions or Dual Instruction Set Computirg DISC) or other sets of
instructions as identified by a person skilled e tart. The instructions in the
instruction set would be in recurring blocks oftrastions in which each individual
instruction would appear in pre defined order.

[4] The mode of practice as in claim [3] above whereould have further
application as contemplated. This method among nwihgr application, many be
used as a scheme to reduce instruction size. Alsbis scheme, dummy instruction
can be accommodated by using special operand cddem an instruction relates to
moving register data, using special operand valigegnalogous to using dummy
virtual registers as the operands.

[5] The mode of computing as in the claims [1] and \\#]ere registers are

connected to FUs, would include topologies theres etk pre fabricated as well as
FUs which can be changed or a combination of thee &urther, the FUs may have
prefabricated connections between registers and dfUsonnections which can be
changed or a combination of the two. Generally db#ity or combination possible

connections as well as the size and/or arrangemkhe FUs can be restricted
hardware simplification. The changers in connediand loading and un-loading or
FUs can instrumented using other specialised FUsedraps a special configuration
controlling apparatus. In the fist case the re-igumétion will be plausible during the

course of execution a programme.

[6] The dynamic connection as in claim [5] above canirbplemented using
multiplexes and de-multiplexes or similar devicése arrangement can be such that
the output node (source node) can be coupled tdumhnode using a multiplexer or
a de-multiplexer. The connection the virtual nodehe destination can also can be
instrumented using either a multiplexer or de-rpigtker. The connections can also
be implemented with a set of multiplexes associati¢ll each output lead and register
so that it can connect both source and destinalibis can be done also using de-
multiplexes in association with the sources, irgut leads and registers.

[7] The topology and mode of computation in claim [ipee and claim [2] above

where the FUs are independent embodiments, woultitdée a scalable ISA where
functionality can be added and removed as needédvath minimal effect of the rest
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of the processor. When this is further coupled wvilte dynamic reconfiguration
arrangement as in claim [5] above, a dynamicalgnging ISA will become possible.

[8] The embodies apparatuses in the form of FUs alim ¢1] above where FUs
carry out computational tasks, could be activateceents including but not limited
to the following:

1. On updating any of the input registers or on updps selected set of registers

or on updating of a sub set of a selected setezteel set of input registers.

2. On reading a value of an output register or a Eeutput registers of a given

FU.

3. On external control events.

4. On control events generated by other FUs.

5. On scheduled timing events.

The use of these activation mechanisms can betaga@serve and output until next
event. This includes but is not limited to:

» The next computation will only be carried out oading the output.

* The next output will only be produced after a dertaps of times.

* On updating an input register of a set of them pritiduce an output.
Scheduled timing events include scheduling of Flérafjons which can be carried
out by placing the schedule as a parameter in apdtiregister. Other forms of
scheduling can be done by the controller or otHgs.FThere also could be special
FUs which can carry out the scheduling. Moreovehesduling can be used to
implement timed branching and loops. FUs can bedwded to produce output or its
side effects in multiple schedules of produce d#f¢ outputs and side effects in
different schedules. The latter will include butrist limited to, having different
schedules for different branching operations.

[9] The method of claim [8] above, where the FUs argvated upon events
including but not limited to reading of output, Wmg of input, a determinable time
been reached — can be used to power saving arat agldeiction scheme.

[10] The method in item 2 of claim [8] above where thé €arry out operation
upon events, including but not limited to, FUs whaddress memory in such a way
that upon reading the value referenced by the FWjould then point to the next
memory address or an addresses logically infemeh the current sate of memory
references.

[11] The mode of computing as in the claims [1] and f&lere FUs operate on
input data provided input registers to produce outtata which is placed in out put
registers; would comprise of active and passiveratfmns, i.e., this invention will
facilitate carrying out an a computation using asde effect of an active operation.
The active operations result from execution of itistructions and passive operation
which result as side effects of the actively carrait operation. There will be two
sets of apparatuses which carry out the activeatipeis and the ones that carry out
the passive operations.

[12] The mode of practice in claim [11] above, where Fdse a set of input and
output register where placing values in the formveuld result in the output been
available in the latter would include. the activeemtions, among other operation,
will include an explicit or implicit move instrucih. When data is move to other
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registers which are hardwired to FUs the outputto#ill automatically become
available in output registers; this is a passiveraon. All or most of the programme
specific operations will be executed as passiveatjoss.

[13] Moreover, the feature in claim [11] above wouldlutle, active and passive

operations may execute at the same speed or ditelgamay execute at different

paces. If the execution of active operations is yrfafds faster, this can be used to
parallelise many passive operations. In case th&beru of parallel passive operations
which need to be executed is less than the nundlitdted by the computing

apparatus, the processing of active operationdaws oof operations can be stalled
using a special FU.

[14] The feature of claim [11] and [12] would includeiae operations described
here, would contain a scheme to move data fronstergi to other registers. This
could be using intermediate registers, main memang connection paths. These
movements of data — among other events includinigreal events signalled by the
controller, and operation including operation ie tontroller and its interventions and
interactions and internal processing — cause tlsiratk side effects of the passive
operations. The example presented here is solelylifigtration purposes, a person
skilled in the art shall recognise any alternatpliaption of this principle within the
spirit and scope of the invention.

[15] The embodiments in claim [1] above where registens be in the form of
multiword sized registers or where the size of soene registers are multiple of
regular registers, cold be implemented as a coleetddressing of a group of regular
registers or as specialised multiword registersctvigan addresses as a collection
virtual registers of regular size. In the lattersea the registers will become
addressable through a virtual register scheme.viiteal registers can act like any
other registers and may for input or output corinastwith FUs.

[16] The embodiments in the form of registers in claithdbove where there are
input and output registers, could include dedicatetdof registers for input and/or
another dedicated set registers for outputs andilpgsother registers which do not
participate as input or output registers.

[17] The scheme in claim [2] where decoding and insipacis not necessary can
be used as a scheme to improve speed.

[18] The mode of practice in claim [11] above where ¢hare active and passive
operations can be used as a scheme to carryouaras pnogramme related operation
by executing many active instructions in paralléie number of parallel instruction
executed can be different in variation of the appss. If the number of parallel
instructions taken at once to be executing is tdra® a packet; this invention will
facilitate instructions packed which has only th@emnds of instructions.
(Instructions are operands only too.) Moreovertrugdion packets size can vary in
different machines which execute that same ISAinAdaim [11] above, if the speed
of the active operations are many folds faster plagsive operations, then this can be
used in a scheme to execute many packets at or@iciEx scheduling active
instructions (active operations) can be used ahanse to reduce dummy instruction
mentioned in claim [3] which is a waste of compgtpower and time. The dummy

42



slot (or no operation slot) will be replaced bycheduled active instruction. If the
instruction packet size is static across differemplementations of the same ISA,
packets also can be schedulable. This schedulimdpealone as a operand present in
each instruction and in case if the packets aneddable in each packet or can be
implemented using a FU which instructed to schedutertain set of instructions or a
set of packets. The operation will be explicitiheduled by the compiler. In case the
ISA does not have explicit scheduling or in case fithedules provided by the
compiler needs re-scheduling an embodiment canseé. urhis embodiment may
introduce instruction to the instruction pipelire gcheduling instruction or it might
insert an extra operand or alter the existing apgdor re-scheduling.

[19] As in claim [3] above where instruction include reocand pair of select and
target instructions, may include a scheme wherecten of a set of registers and
subsequently moving them to a intermediate setegfster and then moving each
register in the intermediate set of registers ® dctual destination. The registers
selected for moving could be both input or outmgdisters. The intermediate set of
registers may be dedicated or dictated by a cdetrol

[20] The mode of practice in claim [2] above and claiB] pbove where
instructions include operands would encompass tgituavhere the operands of the
instructions are dynamically altered or insertedsdéme cases a new instruction may
be inserted into the instruction stream by insgrtancomplete set of operands to
constitute a new instruction, between the two uttions.

[21] The apparatus in claim [1] above to claim [3] abaway include explicit
cache management operation instrumented through Fhis also will enable the
compiler to have finer control of the cache. Thenpating apparatus could include a
circular cache for instructions. The execution sakace in ascending order of cached
instructions. In the course of execution certaiocks of the cache may be replaced.
The cache would be partitioned and the data wilpheed in one of the partitions.
These partitions can also be changed in size asolwb location. Different threads
may also have different instruction partitions. eékfthe partition boundary is reached
execution begins at the other end of the cachdéipartThe partitions are a controlled
window into the absolute cache. The instructiongceted are from one of the
activated partitions. Certain data partitions maserap so that inter-process is
possible.

[22] The scheme of claim [21] above would include sitret where there is a
window into the cache which sees the partitions thieddata and instructions within
the partitions in a given process context. Whercg@ss context is changed then the
window is changed and a new set of partitions edglhe into play. The data partitions
can overlap to facilitate inter process communazati

[23] The apparatus in claim [1] above to claim [3] abeweere a computational
task may be carried out, may include scheme tachwite threaded context using the
stack. The context information will be stored i tstack. Process switching can also
be done in such a way; sharing of values betweetegses can be done using shared
registers in a circular arrangement of registetsciware addressed through a window
depending upon the context. In this implementatinere the stack is used for thread
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and process context switching, part of the stacikdcreside in a cache partition which
is addressed in a circular manner and which isteymized with the main memory.

[24] The method of claim [8] above where passive opematiare scheduled, may
include a scheme where the where registers are mazea from change after
scheduling (by raising an error — possibly usingrirupts, or completely ignoring the
writes to the registers) or the operation wouldetale input register values at the
point of the schedule been activated. Dependingnuifpe mode of practice the
register which holds the schedule can be made irenwiichangers like the above or
the schedule can be continuously changed.

[25] The mode of practice as in claim [11] above whbezd are active and passive
operations, would include facilitate a scheme wlagractive operation is broken in to
operations like:

* Register read

* Register write.
If intermediate transfer registers are used, &aiim [19] then an active operation can
be further broken down to include:

* Move to intermediate registers.
The passive operations will include:

* Compute FU outputs.
These can operations can all the executed in parall

[26] The apparatuses in the form of FU the scheme imdl&] to [3] wherein the
operations carried out by them inherently parattahh be further used in implement
operations that are traditionally carried out inemupts. When coupled with the
ability to load and unload FUs, operation in pathmgoftware interrupt can also be
implemented using them.

[27] The when generating code for the apparatus in c[djnwhere there are a
finite number of FUs which has input and outputisegs; a slotted dependency
graphs can be used. A slotted dependency graphdespandency graph which is
divided into level based on the execution cyclal aneach level there are a finite
number of slots for the available FUs. Moreover,ewlgenerating code for the
apparatus of claim [11] where an instruction iskiero to smaller operation, each
smaller operation can be modelled as a slot depgndn the availability of
operations. In this scheme, there are constrainghwtefine that zero or more
dependent operation should proceed and follow amadion. The operation available
in a slot can be defines as static number for egehations; or as a group of numbers
representing the operation in association withagestwhere the state of preceding
levels define the number of available operationsaoh level. Certain operations may
alter the state. E.g. a stall in a class of insions or scheduling instructions. If the
number of operation for a particular level is niMeg it could default to a predefined
value. This can be used where availability operatoly change is special cases.
Further more a limit can be placed on the numbeseofain types of operation. E.g.
the maximum number of reads and the maximum nunabewrites in a level.
Inclusion rules exclusion rules can also be spettifvhere nodes representing certain
types of instruction cannot appear in the samel.ldvg. read operations and write
operation. Special operations like schedule opmrativil make the scheduled
operation unavailable for a specific number of lsv&he scheduled operation slots
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should be differentiated for the period of un-aaility. If available number of
operations possible in a given level exceeds whbatadly is available, dummy (no
operation) operators can be inserted or schedoliggation can be done or stalling a
class of operation can be done as in claim [11gs€hoperations can be done by the
compiler or in hardware or both. Hardware depengeadjustments, including
scheduling adjustments in claim [14] and claim [1&buld include insertion of
dummy instructions, rescheduling of operations stadling of a class of instructions.
But these need not be represented in the initatte®l Dependency Graphs used by
the compiler. Scheduling an active operation womclude scheduling reads and
writes. Constraint can also be defined for the mmaxn number of scheduled
operations of a given type of operation or of aafebperations. If the number of
possible operation of a certain class exceedsuh#ar available, then these need to
be moved to another level. When constrains arechtida Slotted Dependency Graph
it can be called a Constrained Slotted Dependemaypl!@ In the compilation process
first a dependency graph can be generated, thesult be transformed to a Slotted
Dependency Graph which is intern transformed intoCanstrained Slotted
Dependency Graph. Depending on the type of contapmied, the Constrained
Slotted Dependency Graph may also be generatedgers by applying one of more
constraints at a time to transform the graph to tleet stage. The appropriate
instructions are generated from the final graph.

[28] The scheme in claim [2] above where decoding miakted, can be also used
as a scheme to: simplify the computing apparatusat@ the number of components
used thus also acting as heat reduction schemeremhute computing time of an

instruction.

[29] The arrangement claims [1] and [2] where the Fisiirparameters can be set
by moving data into them would enable the compitehave finer control over the
computing apparatus. This could be used in scheanodsding but not limited to:
simplification of hardware thus reduce components lzeat dissipated; optimal use of
hardware by executing all the possible operatiomnnalgorithm in the maximum
parallel manner only limited by the availability Bs.

[30] The arrangement claims [1] and [2] would enable ¢benpiler to do the
hazard management in a computational apparatuse 8ie compiler has finer control
over the processing apparatus, the instruction&ddoa aligned in such a way that
hazards do not take pace.

[31] The practice in claim [30] where the compiler hasdhazard management,

could be used as a scheme to reduce componentdarseazard management thus
also reducing heat.
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Abstract of | nvention:

11 Abstract

[1] Implementation of a processor using and implied cfeinstruction would

eliminate the time and resources consumed in theeessing. In an implied
architecture, there can be one or more impliedrucsibns, which occur in pre-
defined order. In the main architecture mentionedhis document (for illustration
purposes), there are one (move instruction), twele(@ and Target) or move
instructions in recurring patterns, are used toeaeha computational task.
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